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MEETING OF THE SECTION OF SURGERY,
JUNE 3, 1919.

Treatment of Infected Bone Wounds.

By Frederic J. Cotton, M.D., Boston.

Of all the work of the reconstruction hospi-
tals in the last year I have chosen to speak
of the treatment of the septic bone conditions.
First, because it has been, at its best, so good;
second, because it is so eminently the contribu-
tion of military surgery in a field in which our
civil practice has signally failed in the past;
third, because there is danger that the success-

ful methods evolved may not be applied to civil
practice.

This is because part of the success obtained
depends on active antisepsis in infected wounds
—which in practice, so far, means a great deal
of reliance on the Dakin solution and the Car-
rel technique.
Now, there are many leading surgeons who

are necessarily no younger than is convenient.
Otherwise they would not be leaders. They
have been for years past accustomed to snort
violently at any statement of the efficiency of
antiseptics in wounds and this sort of thing be-

comes a reflex action very hard to correct, save

in the young, even in the face of evidence.
We have often heard, are due to hear from

many men again and again in the coming year,
that the Carrel-Dakin treatment is no good.
Mostly these are men who never really tried it
or saw it tried under favorable conditions.
I admit that a mere knowledge of the Carrel-

Dakin technique does not qualify a man to treat
wounds, but I submit that only with this re-

source at hand, plus expert surgery, plus com-

mon-sense, plus organized industry, can one

hope for results such as have been obtained
in the most competent clinics in this war.

Remember that few hospitals overseas, out-
side Compiègne and DePage's clinics, have seri-
ously attempted to deal with infections in this
way.
This is no one's fault, but a necessary corol-

lary of war conditions—but it does throw us

back on our army hospitals on this side for the
useful material to judge from.
I am going to try, therefore, to give you

así good a notion of what has been done in this
line in your own New England Hospital as I
can contrive in a few minutes.
As you all know, the hospital, now known as

U. S. Army General Hospital No. 10, is the out-

growth of the original idea of reconstruction
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Case 1.—On entry. Case 1.—After thir*e months.

service first formulated here in Boston two

years ago, and from the start it has been
planned for reconstruction work, built for it,
and equipped for it rather better than a good
many such places. Moreover, I' had expected to
have just the sort of work that came, and the
surgical division was very good to me in the
matter of surgeons—as to quality.

Consequently, when it came to assignments,
and when I put not my weakest but my ablest
assistants on the septic end of the job, the pick
was an unusually good team. This counts.

Case 1.—After three months.

The head of the team was a young surgeon«,
of good training and experience before the war,
and had the advantage of the training of the
Rockefeller War Hospital in the Carrel-Dakin
technic. Next came an orthopedist, also with
special training, adept at the handling of me-
chanical apparatus, so important to these cases.
Then three picked young overseas men of ex-

perience.
Picked nurses and orderlies and a real chem-

ist in the pharmacy completed the team.
The septic ward held 50 patients at. first, now

110 beds, with 40 to 75 patients under wound,
disinfection at one time.
As should be the case in all hospitals, the

septic side was kept absolutely separate—its
own crew—its own operating room, operating-
kits, etc.
This had one drawback, from my point of

view. Busied with clean operating, I felt jus-
tified in operating on the septic side only in-
the grave cases or for special reasons, though,
as a matter of fact, these modern septic wards
are so free of pus as to be almost safe.
Now a word as to figures. Three hundred and"

forty-six cases have been admitted. One hun-
dred and eighty-two operations have been per-
formed. There has been one death,—an empy-
ema, who came in in extremis and died before-
he could be operated on.
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Case 2.—Nov. 20, 1918. Case 2.—Dec. 18, 1918. Case 2.—May 4, 1919.

There have been two amputations, one for a

hopelessly crushed and stripped leg with a

septic knee, one deliberately after the wounds
had been healed, for a limb so badly damaged
and paralyzed as to be worthless. There have
been no reamputations. There have been no re-
sections.
Except as noted, and for the cases now un-

der treatment, all the 346 cases have been sent
out of the ward healed and there have been
-only half a dozen cases returned, none of them
for anything more serious than a few days'
•cleaning up. There have been no cases of sec-

ondary osteomyelitis after the cleaning opera-
tion.
None of the cases under treatment is doing

badly,—most of them doing admirably well.
Save for a few cases of post-operative sepsis

and slough, due to accidents with la'tent sepsis
in g.s.w. scars, the cases have practically.all
been wounds received between July 18 and No
vember 11,1918. They have been all sorts. Per-
haps the pictures will give an idea of the sort
of thing dealt with and the routine of results.
The case here shown (Case I) wounded Oc-

tober 3. 1918, went through seven transfers be-
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Case 3.—April 2, 1919. Case 3.—April 21, 1919. With plate in place.
Carrel-Díilí in tubes also well shown.

Case 3.—May 3, 1919. Plate out, consolidation
beginning.

fore we got him, February 15, 1919. He had
had Dakin treatment, but on arrival was in
poor general condition with active sepsis. Six
days later I did an extensive operation with re-

moval of a lot of sequestra and the Carrel-
Dakin treatment was begun. At two weeks
the wound was clinically clean.

On April 3, at 40 days, the bacterial count
was down to one per field. April 17, a little
less than eight weeks, the wound was solidly
healed.
(X-Ray February 17, May 10, 1919; picture

May, 1919.)
The next case (Case II), shot on guard duty,

June 30, lay in a civil hospital, with a septic
femur fracture, till November. When we got
him he had great deformity and shortening, and
severe local sepsis, and was in desperate gen-
eral condition.
November 26, 1918, very extensive sequestra

were removed and a very radical clean-up done.
Owing to bleeding, the Dakin treatment was

not used for a fortnight, and sepsis continued
with slow improvement. On January 26, 1919,

the wound was reopened and the Dakin solu-
tion properly handled. The tubes came out
early in March, and March 24 he was healed and
solid.

(X-Rays November 20, December 18, May 4.
Photo May, 1919.)

The next ease (Case III) similar, was one of
the lost battalion, shot October 7, untreated for
36 hours. We got him February 5, with a very
septic compound fracture, heavy overlapping,
many pus pockets, and in poor shape generally.
Sequestra removed February 14, and a quick
clean up under Carrel-Dakin. April 8, opera-
tion to correct deformity,—bones levered into
place and held to a new type of plate. Plate
cut at three weeks. Wound now small and clos-
ing rapidly. No bare bone.

(X-Rays April 2, 21, May 3, 1919.)
Case IV, compound fracture of hip, dating

from October 6. Eight transfers before we got
him, February 5. In bad condition, local and
general; unusually anemic.
First operation a week after entrance. Se-

questra removed from a huge cavity in and be-
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Case i.—Feb. 6, 1919.

hind the femoral neck. There was, however,
bony union. March 1'3, 1919, cavity closing re-

opened, simply to carry out Dakin treatment
better. May 8, less than three months after the
first clean up, the wound was closed, and is
still closed.

Case 4.—May, 1919.

Case 4.—May 3, 1919.

(X-Ray February 6, May 7, 1919. Photo
May, extension flexion.)

The next man, Case V, had been shot in
August, received January 28. Had a solid
union of the femur, but a sinus, and also in-
volvement of the external popliteal nerve and
toe drop. February 7 a sequestrum was re-

moved with considerable debris, partly shrapnel
fragments. Under Carrel-Dakin treatment he
cleaned up so fast that the tube was out at
three weeks and the wound solidly healed in
less than seven weeks. The paralysis, as so

often happens even in these late cases, recov-
ered spontaneously.
(X-Ray February 5, May 8.)
Case VI was shot November 5, reached us

February 25 with his femur fracture united
but with sinuses open on both sides of the thigh.
Many and sizeable sequestra removed March 3,
tubes out April 16. All wounds soundly healed
on May 24.
(X-Ray February 27, May 2. Photo May.)
The next (Case VII) had 5 cm. of the tibia

gone, gone since October 4. Operated on Feb-
ruary 15. After five sequestra came out there
was at the back little but a periosteal layer for
two inches. Now shows a very small closing
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Case 5.—Feb. 5, 1919. Case 6.—May 8, 1919.

wound, no bare bone and union progressing at
a great rate. Clinically, it is already pretty
solid, and apparently is going to need no graft.
It is three and one-half months since operation.
(X-Ray February 7, May 7, 1919.)
The next (Case VIII) is interesting as show-

ing the clean-up of the secondary atrophie pic-
ture as sepsis is gotten rid of. He was wounded
by high explosive September 5, admitted here
February 20, had a large debris-filled bone cav-

ity cleaned out March 10, and was all healed
April 21, less than six weeks.
(X-Ray February 25, May 7, 1919.)
Case IX came in with osteomyelitis sinuses at

both ends of the fibula, came in March 7, just
four months after he was hit. Operation
show»d sequestra at the lower end, but elsewhere
only subperiosteal pockets with a few scale se-

questra along a hugely thickened fibula. This
was simple, the tubes were out and the wound
showed only flat granulations in a month,
though it took another six weeks to skin over.

This wound (Case X) received in July, tore
out the whole inner tibial head. He entered
in December with a wide gaping wound and
open joint. Under Carrel-Dakin treatment it

healed in, but only after four and one-half
months.

Some of our cases were not handled by the
Carrel-Dakin technic but on the basis of a prac-
tice I have used for years,—sterilization by
95% carbolic, alcohol, and bone wax plugging.
This has its place in cases in which the eavity
is well defined and can be cleaned to a firm wall
and properly sterilized. In fracture cases it is
pot to be used unless firm and sufficient union
is present. Bone grows • faster under Dakin
solution. But when it is indicated this is a

very neat method and usually works, the wax

being extruded slowly leaving the clean osteoid
tissue behind it.
My associates cared little for this scheme at

first, but now seem partly converted, partly
owing to the enormous saving in labor to the
surgeon and comfort to the patient if it works.
It needs a bit of judgment and good technique.
This case (Case XI) was so handled. Shot

July 19; compound fracture tibia reached us

in December. Operated December 30, very ex-

tensive cleaning of small sequestra and much
debris out of a cavity that took two bottles of
the army bone wax—well over two ounces.
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Case 7.—Feb. 7, 1919. Case 7.—May 7, 1919.

Case 8.—Feb. 25, 1919. Case 8.—May 7, 1919. Note the dis-
appearance of the secondary absorp-
tion changes in three months.
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Case 11.—Dec. 2, 1918. Before treatment. Case 11.—Feb. 11, 1919. After
sterilization and wax plug.

Case 11.—May 7, 1919. After healing.

Never had any more sepsis, up and about within
a short time. Last of wax out at nine weeks
and firm closure in four months.
(X-Rays December 2, 1918-; February 11,

1919. Photo in May.)
This shoulder wound (Case XII) was simi-

larly disinfected after removing a sequestrum,
and then filled with bismuth paste. This came

out in a month. Then ambulatory Dakin treat-
ment ; healed in a, month more.

(Photo afterward, May, 1919.)

The next (Case XIII) was much the same.
Wounded in the Argonne in September, came
here in February, after a run of gangrene and
sepsis. Sequestra removed from tibia, cavity
cleaned and disinfected, filled with bone wax.
Has gone on to full healing in three and a half
months with the wax now all out.
(X-Rays February 12, March 13, April 4,

1919.)
Case XIV, old compound fracture of

both legs was treated in the same way

Case 11.—May, 1919. After healing.
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Case 12.—In May. After healing.

on both sides. On one slide the wax

came out after a week and it was then treated
by Carrel-Dakin and nearly healed at six
weeks. On the other side the wax stayed, as

it should, for three weeks (this is right for a

small cavity) and the wound was solidly healed
at six weeks.

Case XV, a like case, was healed a bit dif-

t

ferently. The usual operation first,. then Car-
rel-Dakin for a month until clean, then Bismuth
paste, and later a paraffin and sesame mixture
to fill the cavity. Solidly healed at four months.
(X-Rays January 21, May 7, 1919.)
This last is a technique that takes the place

of the often impracticable secondary closure.
It is apparently ours, and seems to have a place,
—again not without calling for clinical judg-
ment.

Case XVI was handled in the same way,—
cleaned out, cleaned up with Carrel-Dakin, filled
with wax, after a month when the cavity was

sterile, now solidly healed over, but only at
three and a half months after operation.
(X-Rays January 21, May 7, 1919.)
This is slow, but these patients during this

treatment are up and about without pain or

sepsis, and with infrequent dressings.
We think this wax treatment purely protec-

tive, and have used various mixtures,—the gov-
ernment's pure wax. Luken's bone-wax, firm
bismuth paste (No. 2) and a mixture of Cap-
tain Rice's of equal parts paraffin and oil of
sesame. For cases waxed at the time of op-
eration Luken 's wax is best, for the later
fillings 1 like Dr. Rice's mixture.

Case 13.—Feb. 12, 1919. Case 13.—March 13, 1919. Oase 13.—April 4, 1919.
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Case 15.—Jan. 21, 1919. Case 13.—May Ï, 1919.

Case 10.—Jan. 21, 1919. Case 16.—May 7, 1919.
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Case 17.—Gap in bone covered by special technic.

Case 17.

We believe the value of the method is a mat-
ter of protection, first against centripetal in-
fection; second, against chilling and drying;
bone so protected, if clean, forms osteoid tissue
cleanly and fairly rapidly. The plates that
come next illustrate this.
October 3 a young officer (Case XVII) had.

his leg shattered by high explosive and came to
us February 14, with a wide-open wound in his
tibia—an open trough out of which protruded
spike-like bone ends above and below—behind,
there was a bare ribbon of new bone, not con-

tinuous at that,
A clean-up operation was done February 25,

with carbolic disinfection, after which the whole
region was imbedded in a protective mass of

bone wax, under which the gap below and be-
hind the spike ends proliferated up to the level
of those ends, which in the meantime grew down
closer to one another, remaining clean and
healthy. They were then covered in, and are

still covered by a two-stage skin and fat graft,
and union is progressing under this. I know
of no other way in which this could have been
done.

(Photo, one x-ray.)
A few isolated points and I shall be through.
First, as to the one special class of eases of

which Case XVIII is a specimen : had an in-

'Case 18.

fected bullet wound of the ankle October 26.
He came to us just four months later, with an

ankylosed joint, much pus, three sinuses. De-

spite operation and Carrel-Dakin he is not yet
soundly closed but has occasional pus, appar-
ently from a remnant of joint cavity. There
have been two other cases, now healed, but show-
ing for a long time a like trouble, and evidently
we have something to learn about handling this
type.

(Photo.)
Next, as to the behavior of grafts under Car-

rel-Dakin. There have been two cases in which
grafts were lost. In one it was a pedicle graft
from the tibia nearby ; in the other, a free
graft was set into the tibia in a case that seemed
nearly clean. In both instances the graft
seemed to have favored bone growth in the sur-

rounding granulations before it came away, and
in one, part of the graft stayed and grew under
the conditions of controlled sepsis.

Tn two cases of bone graft in which there was

extensive scar that sloughed, the Carrel-Dakin
treatment controlled the mild sepsis so that the
graft stayed clean and was covered in.
In a fourth case of real sepsis (staphylococ-
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Case 19.—Healed in six weeks. Compare, also, Case 12, a like
case, healed in six weeks, without secondary suture.

cus) the same happy result was achieved in
three weeks.
In a fifth case, non-union of the humérus, op-

erated on four months after healing,—an ab-
scess cavity was found at operation. The
prompt resulting sepsis subsided under Carrel-
Dakin, and the bone was covered with clean
granulations in two weeks.
We have had little experience with flap and

transplant work.
One pedicled flap helped, but sloughed in

part. One free fat transplant and one pedicled
fat-fascia filling were only partly successful.
We believe this work can be better done than
we have done it.
We have done comparatively few secondary

suture operations, partly because we have been
bone-waxing some cases, but mainly because we
have found that after reaching the point where
this procedure comes in question the wounds
cicatrize so rapidly under Dakin solution that
it is apt not to be worth while to operate.
In this point we have not followed the Rocke-

feller technique nor have we, in spite of our

very radical operating, felt it necessary to open
all wounds as wide as they do at the sacrifice of
sound tissue.
To close, we believe that routine scientific

treatment, as well coordinated as it has been
nossible to make it at No. 10, brings us to a ooint
"'here infection in bone can at last be handled
with precision and with a practical uniformity
of result long desired, but never within our
reach before this war.

DISCUSSION.

Capt. Allen G. Rice, Springfield: I might
say at the very start that we don't hold that
this is the only way to treat these wounds. I
think we all feel that it is merely a step
towards the final method. It is certainly the
best thing we have found yet, and I think it is
going to have its place as progress goes on. It
is surely going to leave a mark as a step in the
final definite technique of the treatment of these
bones. It is surely going to leave a mark
whether the whole principle is accepted or not,
and there are two points which I am sure are
going to stay.
The first of these is in regard to the radical

surgery which has to be done in these cases.
It is not enough just to clean out what is wrong ;
we have to go way beyond that. The wound
has got to be a large trough like a saucer or a
basin. You can't have a cavity like a dentist's
cavity in a. tooth and expect to have it heal un-
der Dakin's solution, because it won't; but if it
is big enough it will heal fast.
The next point this method brought out is

the absolute necessity of making every dressing
of these wounds an aseptic procedure. This can
be done very easily. You don't need to wash
your hands .between dressings. You can go
right down the whole ward from one case to
another, provided you have enough hemostats.
and sterile gauze. Otherwise these wounds will
not heal well: you can't get your bacteria count
down, and you lose time. These two points are
bound to stay whether the rest of the Carrel-
Dakin method persists or not.
In these Carrel-Dakin cases there are two

very important elements. One is Carrel and one
is Dakin. Neither one does the trick ; you have
to have both. It is a combination treatment.
Dakin worked out the solution of a definite
strength, but if you don't have that solution
made right and kept right you won't get results.
On the other hand, if your solution is all right
and you don't carry out the Carrel technique
you won't get results. As to the solution of
hypochlorite of sodium, it has to be made right.
It is one man's job to make it for a hospital,
and a quantity of 18,000 to 20,000 ce. a day has
to be made, and made right. One test is not
enough ; there must be more than one. It has
to be of a certain strength and also of a certain
alkalinity—two entirely different things. You
can't tost the strength and think the alkalinity
is going to be right, and you can't lest the al-
kalinity and take it for granted that the strengthwill be just right. We were very fortunate in
having a first-class pharmacist who made the
solution every day, sometimes twice a day,
tested it as to its alkalinity and strength, and
wrote the test down on a bottle, with the date,
so that we knew we had fresh solution all the
time, and knew it was of the proper strength
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